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[57] ABSTRACT 

An electrostatographic printing machine having an imaging 
system for projecting and developing images on an imaging 
member. A process control loop includes a sensOr to measure 
developed mass per unit area on at least three test patches on 
the imaging member iochiding high area coverage, low area 
coverage, and mid tone coverage. A comparator responds to 
the sensor measurements and to developed mass per unit 
area setpoints to provide error signals. A control imit 
responds to the error signals to adjust projcctdog, 
developing, and imaging memt>er subsystems. 

19 Qahns, 3 Drawing Sheets 
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DEVELOPED MASS PER UNIT AREA tion is typicaUy paformed by a carona chargiiig device. One 

CONTROLLER WITHOUT USING type of corona' charging device coiuprises a cunent canying 

ELECTROSTATIC MEASUREMENTS electrode enclosed by a shield on three sides and a wire grid 

or control sctttn positioned thereover, and spaced apart 

This invention relates generally to an electrostatographic 5 from the open side of the shield. Biasing potentials are 
printing machine and, more particularly, concerns a process applied to both the electrode and the wire grid to create 
to adjust a xerographic control, in particular, to adjust electrostatic fields between the chained electrode and the 
charging, beam pcfwcr, and developer actuators in response shield, between the chained dcctrodc and the wire grid, and 
to the sensing of developed mass per unit area (DMA) on an between the charged electrode and the (grounded) photo- 
imaging member lo conductive member. These fields repel electrons from the 

The basic reprographic process used in an dectrostoto- electrode and the shield resulting in an electrical charge at 

gr25>hic printing machine generally involves an initial step of the surface of the photoconductive member roughly equiva- 

charging a photoconductive member to a substantially uni- lent to the grid voltage. The wire grid is located between the 

form potential The charged surface of the photoconductive electrode and the photoconductive member for controlling 

member is thereafter exposed to a light image of an c^iginal is the charge strength and charge aniformity on the photocon- 

document to selectively dissipate the charge thereon in dudive member as caused by the aforementioned fields, 

sdected areas irradiated by the light image. This procedure Control of the field strength and the umformity of the 

records an elcctrostaticlatent image on the photoconductive charge on the photoconductive member is very important 

member corresponding to the infomoatioQal areas contained because consistently high quality reproductions arc best 

within the caigiaal document being reproduced. The latent 20 produced when a uniform diarge haying a predetermined 

image is then devdcped by bringing a developer material magnimde is obtained on the photoconductive meniber. If 

including toner particles adhering triboelectrically to carrier the photoconductive member is not charged to a suffidcnt 

granules into contact with the latent image. The toner levci, the electrostatic latent image obtained upon exposure 

partidcs arc attracted away from the carrier granules to the will be relatively weak and the resulting deposition of 

latent image, forming a toner image on the photoconductive 25 devdopment material will be correspondingly decreased. As 

member which is subsequently transferred to a copy sheet a result, the copy produced by an undercharged photocon- 

Thc copy sheet having the toner image thereon is then ductor will be faded. If, however, the photoconductive 

advanced to a fusing station for permanently affixing the member is overcharged, too much developer material will be 

toner image to the copy sheet in image configuration. deposited on the photoconductive member. The copy pix>- 

In electrostatographic machines using a drum-type or an 30 duced by an ovcrdiaiged jrfiotoconductor will have a gray or 
endless belt-type photoconductive member, the photoscnsi- dark baidsground instead of the white background of the 
tivc surface thereof can contain more than one image at one copy paper. In addition, areas intended to be gray will be 
— ^timc as it movcs through various-processing stationsrThe bla^k and tone reproduction- will be poor. Moreover, if the 
portions of the photosensitive surface containing the pro- photoconductive member is exccssivdy overcharged, the 
jectcd images, so-called **unagc areas*', are usually separated 35 photoconductive number can become permanently dam- 
by a segment of the photosensitive surface called the inter- aged 

document space. After charging the photosensitive surface A useful tool for measuring voltage levds on the pho- 
to a suitable charge level, the inter-document space segment toscnsitive surface is an electrostatic voltmeter (ESV) or 
of the photosensitive surface is generally discharged by a electrometer. The electrometer is generally rigidly secured 
suitable lamp to avoid attracting toner particles at the 40 to the iqjroduction machine adjacent the moving photosen- 
devdcpment stations* Various areas on the photosensitive sitive surface and measures the voltage level of the photo- 
surface, therefore, willbe charged to different voltage levels. sensitive surface as it traverses an ESV probe. The surface 
For cocani^le, there will be the higji voltage levd of the initial voltage is a measure of the density of ttie charge on the 
charge on the photosensitive surface, a sdectivdy dis- photoreceptor, which is related to the quality of the print 
charged image area of the photosensitive surface, and a fully 45 output In order to achieve high quality printing, the surface 
discharged portion of the photosensitive surface between the potential on the photoreceptor at the developing zone should 
image areas, be within a precise range. 

The approach utilized fcff multicdcr dectrostatographic Various systems have been designed and implemented 

printing is substantially identical to the process described for controlling charging processes within a printing 

above. However, rather than forming a single latent image 50 machine. For example, VS. Pat, No, 5,243383 discloses a 

on the jAotoconductive surface in order to reproduce an charge control system that measures first and second surface 

original document, as in the case of black and white printing, voltage potentials to detenninc a dark decay rate model 

multii^c latent images corresponding to color separations representative of voltagp decay with respect to time. The 

are sequentially recorded on the photoconductive surface. dark decay rate model is used to determine the voltage at any 

Each single color electrostatic latent image is developed 55 point on the imaging surface corrceponding to a given 

wilhtonerof a color complimentary thereto and the process charge voltage. This information provides a predictive 

is repeated fee dififerentiy colcred images with the respective model to determine the charge voltage required to produce 

toner of complinaentary color. Thereafter, each single color a target surface voltage potential at a sdected poUit on tiie 

toner image can be transferred to the copy sheet in super- imaging surface. 

bnposcd registration widi the prior toner inoagc, creating a 60 U.S. Pat. No. 5,243383 discloses a charge control sys- 

naulti-Iayered toner image on the copy sheet. Finally, this tcm that uses three parameters to determine a substrate 

multi-layered toner image is pcnnancntly afSxedto ttic copy charging voltage, a development station bias voltage, and a 
sheet in substantially conventional manner to form a finished las^ power for discharging the substrate. The parameters are 

color copy. various differenoe and ratio voltages. 

As described, the surface of the photoconductive mem- 65 U.S. PaL No. 5,436,705 discloses an adaptive process 
bei nnist be charged by a suitaUe device prior to eiqposing control that uses responses from a tona area coverage 

the photoconductive member to a light image. This opera- sensor and a tono* concentration sensor to generate control 
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signals. An idcntifcr also responds to the control and sensor saving. It would be desirable, therefore, to be able to 

signals to modify target images to coii5)easate for material eliminate ESV sensors for the measurement of photoreccp- 

aging 01 environmental changes. tor voltages and rely only on DMA sensor measurements to 

In addition^ in copying or printing systems, such as a control electrostatic parameters, 

xerographic copier, laser printer, or ink-jet printer, a com- 5 It is an object of the present invention, therefore, to 

mon technique for monitoring the quality of prints is to provide a xerographic control system that relies only on 

artificially create a "test patch" of a predetermined desired DMA s ensor measurements tf .T rnntrH ^-l^^^t'-^'^''^'^ param- 

density. The actual density of the printing material (toner or eters arid does not require any system identificatio n algo- 

inJc) in the test patch can then be optically measured by a rithms to es dmate on unc tne eicctrostatic p arameters. It is 

suitable sensor to determine the effectiveness of the printing to another object of the present invention to provide an archi- 

process in placing this printing material on the print sheet tecture having a siiiQ3lje m ultyle-inout moltiplc-outpu t linear 

In the case of xerographic devices, such as a las er printer, integral copt rgllcr for a xerographic contr ol system that u scs 

the surface that is typically of most interest in determining only D MA sensor measurements to con trol electrostatic 

the density of printing material thereon is the charge- parameters, ^th g^ advantages as welt as alternatives, 

retentive surface or photoreceptor, on which the electrostaldc 15 modificatioas^d variations or tne present invention will be 

latent image is formed and subsequentiy, developed by apparent as the foEowing description proceeds and the 

causing toner particles to adhere to areas thereof that are featores characterizing the invention wOl be pointed out with 

charged in a particular way. In such a case, the optical device particularity in the claims annexed to and farming part of 

for determining the density of toner on the test patch, which this specification. It is intended to embrace all such 

is often referred to as a "densitometer**, is disposed along the 20 alternatives, modifications and variations that fall within the 

path of the photoreceptor, direcUy downstream of the dcvd- spirit and scope of the appended claims, 

opment of the developnoent unit There is typically a routine qttvtm AHY OF THP TNVFNnnN 

within the operating system of the printer to periodically SUMMARY OF THE INVErmUN 

create test patches of a desired density at prcdctcrmiacd The present invention relates to an clectrostatogr^hic 

locations on the pbotorcccptor by deliberately causing the 25 printing machine having an imaging system for projecting 

exposure system thereof to charge or discharge as accessary and developing images on an imaging mcmbci: A process 

the surface at the location to a predetermined extent control loop includes a sensor to measure developed mass 

The test patch is tiien moved past the developer unit and pcx unit area on at least three test patches on the imaging 

the toner particles within the developer unit are caused to member including hi^ area coverage, low area coverage, 

adhere to the test patch electrostatically. The denser the toner 30 and mid tone coverage. A conoparator responds to the sensor 

on the test patch, the darker the test patch wiB appear in measurements and to developed mass per unit area setpoints 

Gptical testing. The developed test patch is moved past a to provide error signals. A control unit responds to the error 

densitometer disposed along the path of the photCBreccptor, signals to adjust projecting, developing, and imaging mcm- 

-and the-light-absocption- of the test-patch-is tested;-the more bcr subsystems; 

light that is absorbed by the test patch, the densa: the toner 35 features of the present inveantioa will become 

on the test patch. The sensor readings are then used to make apparent as the following description proceeds and upon 

suitable adjustments to the system such as changing devel- reference to the drawings, in which: 

opcr bias to maintain consistent quaUty. pjQ schematic devational view of an escen^lary 

Test patches are used to measure the deposition of toner multi-colcr electrophotographic printing machine which can 
on paper to measure and control the tone reproduction curve 40 ^ Qtui^ed in the practice of tiie present invention. 

CraC). Topically wch^Pftch is about an inch square that is electrostatic 

printedasauniformsohdhalf toneor backgroandarea.ms ^^^^^^ ^^^^^^ ^^^^ ^ 

practice enables ^'^^^l^^^^^^^ ^^"^ °^ HG. 3 iUustrates a control loop ardtitecture in accordance 

reproduction curve for each test patch. JlCZu * j *• 

In accordance witii the present invention, it has been 45 with the present invenUon. 
discovered that U is possible to precisely control a machine's For a general understanding of the features of the present 
electrostatic and development subsystems without tiie use of invention, reference is made to the dravmgs wherein like 
an ESV sensw, but merely using an IRD or developed mass references have been used throu^out to designate identical 
per unit volume patch sensor. In particular, in some elements. A schematic elevational view showing an exem- 
machines, electrostatic parameters are controlled by pro- 50 plary electrophotographic printing machine incotpcrating 
ccssing the ejrw between setpoints and photoreccpta: volt- tiie features of tiie present invention therein is shown in FIG. 
ages (both exposed and unexposed portions of the 1. It wiU become evident from tiie foUowing discussion tiiat 
photoreceptor) and then varying charging and exposure tiie present invention is equally well-suiled for use in a wide 
parameters such as grid voltage on the charging system and variety of printing systems including ionographic printing 
beam power on the exposure system. This is one kind of 55 machines and discharge area development systems, as wcU 
control loop and Oie gains in these loops are tuned such that as other more general non-printing systems providing mul- 
the photoreceptor voltages will converge to setpoints in tiple or variable outputs such that tiie invention is not 
some finite prints. Anotiicrtjrpc of oonteo^^ necessarily Umited in its appUcation to the particular systOTi 

mfaaircmRnts from o pticH serisors which arc compare d to shown herein. 

targctTTM7i[5. The error is processed through a controUer to 60 Turning initially to FIG. 1, before describhig die paiticu- 
gcnffatclctpoints. The DMA control loop gains are tuned lar features of die present invention in detail, an exen^plary 
such that the DMAcontiol loop is enabled at every X number electrophotogrjq>hic copying ^paratus will be described, 
of prints. exemplary electropihotogra^c system may be a mul- 

Howev€x, in this architecture, it is necessary to use both ticolor copier, as for esxample, the reccntiy introduced Xerox 
ESV and IRD scnscrs far die measur ement of electrostatic 65 Corporation "5775" copier. To initiate the copying imwcss, 
and DMA parameters. ESV sensors are eatpensiv e and a multioolcr original document 38 is positioned on a raster 
elimination of sudTa sensor can result in sl^imcant cost input scanner (RIS), indicated generally by ttie reference 
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numeral 10. The RIS 10 contains document iUurainatioD Initially, a portion of photoconductive belt 20 passes 
lamps, optics^ a mechanical scanning drive, and a charge through a charging station, indicated generally by the ref- 
coupled device (CCD array) for capturing the entire image erence letter A* At charging station A, a corona generatijag 
from original document 38. The RIS 10 converts the image device 34 or other charging device generates a charge 
to a series of raster scan lines and measures a set of primary 5 voltage to charge photoconductive belt 20 to a relatively 
color densities, i.e. red, green and blue densities, at each hi^, snbstanti^y utuform voltage potential. The corona 
point of the original docunient. This infarmatioD is trans- generator 34 comprises a corona generating electrode, a 
mittcd as an electrical signal to an image processing system shield partially enclosing the electrode, and a grid disposed 
(DPS), indicated generally by the reference numeral 12, between the belt 20 and the unenclosed portion of the 
which converts the set of red, green and blue density signals electrode. The electrode charges the photoconductive sur- 
to a set of colorimctric coordinates. The IPS contains control face of the belt 20 via corona discharge. The voltage 
electronics for preparing and managing the image data flow potential t^jplied to the photoconductive surface of the belt 
to a raster ou^ut scanna (ROS), indicated genaally by the 20 is varied by contiolling the voltage potential of the Wire 
reference numoral 16, gri<*. 

A user interface (UI), indicated generally by the reference Next, the charged photoconductive surface is rotated to an 
numeral 14, is provided for communicating with IPS 12. UI exposure station, indicated generaEy by the reference letter 
14 enables an opoator to control the various operator B. Btposure station B receives a modulated light beam 
adjustable functions wh^eby the operator actuates the conesponding to infoimation derived by RIS 10 having a 
appropriate input keys of UI 14 to adjust the parameters of multicolared original document 38 positioned thereat The 
the copy. DI 14 may be a touch screen, ax any other suitable modulated Ught beam impinges on the surface of photocon- 
dcvice for providing an operator interface with the system. 20 ducdvc belt 20, selectively iEuminating.the diaiged surface 
The output signal from UI 14 is transmitted to IPS 12 which of photoconductive belt 20 to form an electrostatic latent 
then transmits signals corresponding to the desired Inaage to image thereon. The photoconductive belt 20 is exposed three 
ROS 16. times to record three latent images r^esenting each color. 

ROS 16 includes a laser with rotating polygon mirror After the electrostatic latent images have been recorded 
blocks. The ROS 16 illuminates, via mirror 37, a charged 25 on photoconductive belt 20, the belt is advanced toward a 
portion of a photoconductive belt 20 of a printer or markmg development station, indicated generally by the reference 
engine, indicated generally by tiie reference numeral 1& letter C. However, before reaching the development station 
Preferably, a multi-facet polygon nrirrar is used to illuminate C, the photoconductive belt 20 passes subjacent to a voltage 
the photoreceptor belt 20 at a rate of about 400 pixels per monitOT, preferably an electrostatic voltmetor 33, for mea- 
inch. The ROS 16 exposes the photoconductive belt 2# to 30 sureracnt of die voltage potential at the surface of the 
record a set of three subtractive primary latent images photoconductive belt 20. The electrostatic voltmeto: 33 can 
thereon corresponding to the signals transmitted from IPS be any suitable type known in the art wherein the charge on 
— ^12.-Gne latent image is to be developed with cyan developer -tfae phaoconductive surface of the bdt 20 is sensed, suciras 
material, ancthwlatent image is to te developed with disclosed in U.S. Pat Nos. 3,S70,968; 4,205,257; or 4^53, 
magcnUdevdopcr material, and the third latent image is to 35 639. the contents of wMch are incoiDoraled by reference 
be dcvcLorpcd with ydlow developer materiaL These devel- herein. 

€ped images are subsequently transferred to a copy sheet in Atypical electrostatic voltnieter is controlled by a switch- 
$uperin5>osed registration with one another to form a mul- ing arrar^ement which provides the measuring condition in 
ticolored image on the copy sheet which is then fused thereto which charge is induced on a probe electrode CMresponding 
to form a color copy This process will be discussed in 40 to the sensed voltage level of the bett 20. The induced diarge 
greater detail hereinbdow. is proportional to the sum of the ioternal capacitance of the 

With continued reference to FIG. 1, maridng engine 18 is probe and its associated circuitry, relative to the probe-to^ 
an electrophotographic printing machine comjmsing photo- measured surface capacitance. A DC measurement circuit is 
conductive belt 20 which is entrained about transfer roUers combined with the electrostatic voltmeter circuit for provid- 
24 and 26, tensioning roUcx 28, and drive roUer 30. Drive 45 ing an ou^ut which can be read by a conventional test meter 
loUcr 30 is rotated by a motor or other suitable mechanism or input to a control circuit, as for example, the control 
coupled to the drive roUer 30 by suitable means such as a circuit of the present invention. The voltage potential mca- 
bcU drive 3i As roller 30 rotates, it advances photoconduo- surement of the photoconductive belt 20 is utilized to 
tive bdt 20 in the direction of arrow 22 to sequentially determine specific parameters for maintaining a predrfer- 
advancc successive portions of the photoconductive belt 20 50 rained potential on the photoreceptor surface, as wiU be 
through the various processing stations disposed about the understood with reference to the spcdiic subject matter of 
path of movement thereof. jH^esent invention, explained in detail hcreinbdow. 

Photoconductive belt 20 is prcfcraUy made from a poly- The development station C includes four individual devel- 
chromatic photoconductive material comprising an anti-curl oper units indicated by reference numerals 40, 42, 44 and 46. 
layer, a supporting substrate layer and an electrophoto- 53 Thedevdoperumtsareof a type generally referred to in the 
gr^hic imaging single layer or multi-layers. The imaging art as **magnetic brush development units". TypicaUy, a 
layer may contain homogeneous, heterogeneous, inorganic magnetic brush development system employs a magnetiz- 
or organic compositions. Preferably, finely divided particles able developer material Including magnetic carrier granules 
of a photoconductive inorganic oon^und are dispersed in having tODcrpaitides adhering triboclcctricaUy thereto. The 
an electrically insulating organic resin binder. Typical pho- 60 developer material is continually brought through a dircc- 
toconductivc particles include metal free phthalocyanine, tional flux field to form a brush of developer material. The 
such as copper phthalocyanine, quinacridones, 2,4-dianuno- developer material is constantiy moving so as to continually 
triazines and polynudcar aromatic quinines. Tirpical organic provide the brush with fresh devdoper materiaL Devdop- 
resinous binders indudc polycarbonates, acrylate polymers, ment is achieved by bringing the hnish of developer material 
vinyl polymers, cellulose polymers, polyesters, 65 into contact with the photoconductive surface, 
polysiloxanes, polyamidcs, polyurcthancs. epoxies, and the Developer units 40, 42, and 44, respectively, apply toner 
laa;. particles of a specific color corresponding to the compliment 
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of the specific co\oc separated clccirosUtic latent image Attertiielasttransfcroperation, the sheet transport system 

rccoKied on the photoconductivc surface. Each of the toDcr directs the sheet to a \^cuuni conveyor, indicated generaUy 

particle colors is adapted to absorb light within a preselected by the reference numeral 68, Vacuum conveyor 68 transports 

spectral region of the electromagnetic wave spectrum. Far ^ticct, in the direction of arrow 70, to a fusing station, 
example, an elcctrostadc latent image formed by discharg- 5 jnjicated generally by the reference letter where the 

ing the portions of charge on the pliotoconductivc belt tjansferred toner image is permanently fused to the sheet, 

cOTcspondingtothegrccnregiMSofthcongiJialdojm^^ ^ ^ ^^^ ^^^^ 74 ^ 

STiVS^'S^^ pressurero^U7^^esheetp.ses^ou«hthe.pdelin^ 

Slen a^s will be reduSd to a voltage level ineffective for f «ser roU 74 and pressure roll 72. The toner unage contacts 

devel<^ment. The charged areas arc then made visible by fuser roU 74 so as to be affixed to the sheet. Thereafter, the 

having developer unit 40 apply green absorbing (magenta) sheet is advanced by a pair of roUs 76 to a catch txay 78 for 

toner particles onto the electrostatic latent image rcccffded subsequent removal therefrom by the machine operator. 

Z'S^StX:'-ZTT2%L'u:.^^ .a. processing station in U,. di^eCoo of move.e. 

(ydlowTtona particles, while the red separation is devel- 15 of belt 20, as indicated by arrow 22, is a cleamng station, 
oped by developer unit 44 with red absor bing (cyan) toner indicated generally by the reference letter F. A lan^ 80 
particles. Developer unit 46 contains blaei tona' fS^cles illuminates the surface of photoconductivc belt 20 to remove 
and may be used to develop the electrostatic latent image any residual charge remaining thereon. Thereafter, a rotat- 
formcd from a black and white original docmnent ably mounted fibrous brush 82 is positioned in the deaniag 

in HG. 1, developer unit 40 is shown in the oparative 20 station and maintained in contact with photoconductive belt 
position with developer units 42, 44 and 46 being in the 20 to remove lesiduai toner particles remaining from the 
Don-opcrative position. During development of each elec- tctoist^ operation prior to the start of the next successive 
trostatic Utent image, only one devdopcx unit is in the .^^^.^^ 
operative position, while the remaining developer units are j 

in the non-opcrativc position. Each of the developer units is 23 A diagrammatic representation of the system currenUy 
moved into and out of an operaliye position. In the operative under practice for most xerographic print engines Is shown 
position, the magnetic brush is positioned substantially 2. Block 102 represents the charging and exposure 

adjacent the photoconductive belt, while in the non- systems. The block 104 representing con^)ensators usually 
operative position, the magnetic brush is spaced therefronL contains suitable integrators sndi as 106, 108 with some 
Thus, each electrostatic latent image or panel is developed 30 weighting. Here v^ represents the voltage on the unexposed 
with toner particles of the appropriate color without com- photoreceptor and v, refccsents the voltage after the cxpo- 
nnngUng. sure, v/ and v,^ are the desired states for the volUgcs v^ and 

After dcvelopmcDt,*e toner image is moved to a transfer ^^^^ B^,, isj^ error generat ed by com parator UO by 

stationrindicatcd generaUy by the refearence letter D. Trans- ^ubSacting the v^^ values with those measured by the ESV. 
fcr station D includes a transfer zone, defining the position 35 similarly, E, is the error generated by comparatOT 112 by 
at which the toner image is transferred to a sheet of support subtracting die v/ values with those measured by the ESV. 
material, which may be a sheet of plain paper or any other ^ control signals to vary the grid voltage and 

suitable support substrate, A sheet transport apparatus, Indi- ^ respecUvcdy. 
cated generally by the reference numeral 48j moves the sheet , ^. 

into contact with photoconductivc beU 20. Sheet transport 40 With reference to FIG. 3, the control ardutccture in 
48 has a belt 54 entrained about a pair of substantiaUy accordance with the present mvention is described. Let D^, 
cylindrical roUcrs 50 and 52. A friction retard feeder 58 D„ and represent three different DMA measurements 
advances the uppermost sheet from stack 56 onto a pr^ from development subsystem 118. These DMA measure- 
transfer transport 60 for advancing a sheet to sheet transport ments arc basicaUy identified as three different points on the 
48 in synchronism with the movement thereof so that the 45 tone reproduction curve and provide one input to summmg 
leading edge of the sheet arrives at a preselected position, nodes or comparators UOo, 1202>, and 120c rcspccbvely^t 
ie a loadbg zone. The sheet is received by the sheet the corresponding target values to the control system be , 
transport 48 for movement therewith in a recirculating path. D^'" and D,^. These reference or target values are set by the 
As belt 54 of transport 48 moves in the dircctioD of arrow 62, user and provide another mpct to summmg nodes or com- 
the sheet is moved into contact with the photoconductive 50 parators 120a, 1206, and 120c respectively, 
belt 20, in synchronism with the toner image developed Comparators 120a, 120^, and 120c provide error signals 
thereon. e^^, E^, and E, to adjustment matrix 122 in turn providing 

In transfer rone 64, a corona generating device 66 sprays signals to integrators 124<z, 1246, and 124c respectively. The 
ions onto the backside of the sheet so as to chaigc the sheet output signals u^ u, and u^ of the integrators 124fl. 1246, and 
to the proper magnitude and polarity for attracting the toner 55 J24c are input to summing nodes 126<j, 1266, and 126c. The 
image from photoconductive belt 20 thereto. The sheet sqimnuig nodes also receive as input nominal set up values 
remalDS secured to the sheet grippcr so as to move in a ^^^^ ^^j^ jj^ provide actuator signals U,, U, and 
recirculating path for three cycles. In this manner, three development subsystem 118 where represents the grid 
different color toner images are transferred to the sheet in voltage on tiic charging system, Uj. represents the average 
superinqiosed registration with one another. Each of the 60 power, and represents the donor voltage. ITiese 
electrostatic latent images Tccordcd on die photoconductive quantities are used directly at the actuator inputs. 

^SJ'^.ilfSr^sTSiJjor'S^^^^ a r^f^ f«.->e ^.«n C^e^ des^i^d above is 

^olhff.tothestertforSgthemuM-colorcopy of the obtatocd as IdUws. If k is defined « any ^'^P''^^ 

colored original document ^e sldUed in (he art wiU « Munber, then foUowing loatta equation can be wnttca 
;^)predate that tl»c sheet may move iB a redioilating path f« 

four cycles when undercdor black removal is used. ^*+i)=B^*>-£, W 
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whcxe the vectors and matrices in equation 1 is given by 



The elements D;,^, and D^^ represent the DMA val^ies 
for setup conditioBS when the control signals, u^, u, and Uj 
arc zero. The matrix dements say, B^^ B^^ and B^, arc the 
slopes of the D^-Uj^,, D^-Ug^ and D^U^p curves respec- 
tively when U, and are hdd at the setup conditions 

^do when u, and are zero). Similarly, other 
elements of the £ matrix are obtaine d from the measurement 
data of &e printer once during setup. Gain matrix of FIG. 3 
can be calculated by representing equation 1 in state space 
fonn. The state space equation far the feedback system 
shown in F3G. 3 can be written as: 



IjD523 
-0.001 
1.0231 



10 

-continued 

-0.5379 -033 U 
0XW23 -0.0012 
-0.7496 0,2513 



(3) 



(4) 



20 



(5) 



In equations 3 and 4, the matrices, A=Q=-F and are equal 
to a 3x3 identity matrices. Vectors i(k) and x(k) and the gain 
matrix, |L are given by 



(•5) 30 



Finally, the algorilhni that is used in the controller to 3^ 
compute u, and is as follows. 



-j(A>=«j(*-iHJt,iEi(*HJW;^>*^d^^^ 



(7) 



(8) 



40 



(9> 



To have the DMA reach the setpoint one can calculate the 
gain matrix by inverting the E matrix so that the dgcn values 45 power. 



The control, in accordance with the present invention, has 
the following advantages. 

The controller would require no electrostatic measure- 
mcnts. Hence cost of ESVs can be saved. The controller has 
the potential to reach the DMA targets with couple of prints, 
as long as the gains are designed to drive the system to 
stability. This is because of the integrator in the loop. This 
is same as saying the steady state error is Independent of the 
matrix of the system whereas the overshoot depends upon 
the matrix. Hence, the gains would be scheduled at few 
operating points depending on the printer. 

In addition, if this controller is implemented along with 
the feedforward lookup tables to generate nominal actuator 
values, then it is conceivable that dead beat control is 
possible to achieve. There are no system identification 
techniques required to estimate the electrostatic parameters. 

While this invention has been described in conjunction 
with a specific ^params, it is evident that many alternatives, 
modifications, and variations will be apparent to those 
skilled in the art Accordingly, it is intended to embrace all 
snch alternatives, modifications, and variations as fall within 
the spirit and broad scope of the appended claims. 

I daim: 

1. lo an imaging system for frojecting and devdoping 
images on an imaging member, a process control loop 
comprising; 

a sensor _to_measure develo ped m ass per unit area^ the 
sensor measuring at least three test patches on the 
imaging member induding high area coverage, low 
area coverage, and mid tone coverage, 

a control unit to process the error signals to actuate 
projecting, developing, and imaging member 
subsystems, the control including stored nominal actua- 
tor values, an integrator, and a con^nsator, the com- 
pensator responding to the integrator and nonodnai 
actuator values. 

2. The process control loop of daixn 1 wh{a-dn the 
projecting subsystem actuator is raster output scanner 



are placed at the origin. This will enable the control system 
to reach the setpoint in the next immediate print. Another 
way to calculate the gain matrix is by using pole placement 
algcMitfams. 

Since the System is generally non-linear, the gain matrix 
can be computed at different points in the entire operating 
region of the printer. Generally three to four sds is regarded 
appropriate. Simulation curves can be shown for the fol- 
lowing setup values. 



50 



55 



600 Volts 
(Ju ~ 02 milliwatts 
£/^=100VoUs 



The £ and £ matrices are given by 



60 



5o 



-ojoao4 

-OJ0013 
-OX»22 



0JJ302 
0.8343 
0.3300 



01)019 
0.0022 
0D026 



(11) 



65 



3. The process control loop of daim 1 wherdn tiie 
developing subsystem actuator is bias voltage. 

4. The process control loop of daim 1 whffdn the 
imaging member subsystem actuator is charting voltage. 

5. The process control loop of claim 1 wherein high area 
coverage is approximately 90% to 100%, low area coverage 
is ^)proxiiiiately 0 to 20% and mid tone area coverage is 
approximatdy 50%. 

6. The process control loop of claim 1 wherein the control 
unit is a single multiple-input multiple-ou^ut controller. 

7. An electxostatographic pdDtLag mtachine having an 
imaging member, a charging device for diargLng the imag- 
ing member, an image projecting device, and a developer 
device^ for apply toner to the imaging member, a control 
having control parameters comprising: 

a sensor to sample devdoped toner mass per unit area on 

the imaging mernber and provide signals, 
a first actuator sigofll to enable the charging device, 
a second actuator signal to enable the developer device, 
a control responsive to the sensor signals to adjust both 
the first actuator signal to enable the charging device 
and the second aerator signal to enable the developer 



02/18/2004, EAST Version: 1,4.1 



5,70 

11 

device, the control including stored nominal actuator 
values, an integrator, and a compcnsaton the compen- 
sator responding to the integrator and nominal actuates 
values. 

8. The clcctrostatographic printing machine of claim 7 
wherein the image projecting device is a raster output 
scanner and including a third actuator signal to enable the 
raster output scanner. 

9. The clcctrostatographic printing machine of claim 8 
whereia the integrator is responsive to the sensor signals to 
adjust the third actuator signal to enable the raster ou^ut 
scanner. 

10. The clcctrostatographic printing nuchine of daim 7 
wherein the control includes a gain matrix providing 
adjusted fiist and second actuator signals in response to 
seosor signals. 

11. The electrostatographic printing machine of claim 10 
'wherein the gain matrix is defined by a mathematical 

expression. 

12. The electrostatographic printing machine of claim 7 
wherein the sensor measures low, medium, and high devel- 
oped toner mass per unit area san^)les on the nnaglng 
member 

13. The electrostatographic printing machine of claim 7 
wherein the compensator is a summing node. 

14. An electrostatographic printing machine having an 
imaging member, a charging device for charging the imag- 
ing member, an image projecting device, and a developer 
device for apply toner to the Imaging mcnober, a control 
having control parameters comprising: 

a sensor to san^lc developed toner mass per unit area on 
the imagmg member and provide signals, 
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a first actuator signal to enable the charging device, 

a second actuator signal to enable the developer device, 

a source of reference signals, 
5 a comparator responsive to the reference signals and the 
sensor signals to provide error signals, and 

a control indudmg an integrator and summing node 
responsive to (he error signals to adjust both the first 
actuator signal to enable the chaining device and the 
second actuator signal to enable the developer device. 

15. The declrostatographic printing machine of daim 14 
wherein the image projectiag device is a raster output 
scanner and induding a third actuator signal to enable the 

15 raster output scaimer. 

16. The dectrostatographic printing machine of claim IS 
wherein the control is responsive to error signals to adjust 
the third actuator signal to enable the raster output scanner. 

17. The dectrostatographic printing madiine of claim 14 
^ wherein the control matrix is a gain matrix defining imaging 

member, image projecting device, and develc^ device 
interaction. 

18. The electrostatographic printing machine of claim 14 
25 wherein the sensor measures low, medium, and high devel- 
oped toner mass per unit area samples on the imaging 
member. 

19. The dectrostatographic printing machine of claim 14 
wherein the summing node is responsive to nominal actuator 

30 values. 
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